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lectcd to I~nrvest if tile ge~icrated n i~ i i~bes  
Abstract u n s  l c ~ s  tiinn tllc cut pi-nbability. A simi- 

A n  activity nlgoritliin ivas de\,elopccl tbsstanil:trif ~n;isl;ii1s mctliocls for natiiral pine lnr procedui~e \\as iisecl t L )  geiic13tc cut- 
stands in Arkansas. For the two types of  inarkiiig nlethoti$ erc:t~niiiecI. tliinning (sclec- t.ntio m;lshing giiides i i i  tlie sturl! by 
tioil from bclo\v) and single-tree selection (selection ti-0111 above). cycle time arid cost So\\.ah ( 1097). i io\\ah combineti c1.011- 
models \\.ere de\,elopeii. 13;1s:11 ni-c:i (i3.4) rerno\.eii \ \as the majoi- intluencing k ~ c t o ~ .  in tree ;liicI :ire;~-\t,iclc 111:it-Aitis gi~ides it1 tlic 
bath models. Mat-king ~nctliocl \\assignificant i l l  pr.e<licting the tot:tl timi' ofthe:lcti\.ity SlL.\'i-\f l progratii to geileratc ctit-I-ntio 
hut rlot significant in cstiii1:iting tlis cost per I0 fi.?,'ncse of  tl:\ reillo\.cd. 2tiitli.s G s  ha~-cl\\.oclil I;,t.ests in the Alle- 

gllcri~, I'latcari. Arrokliiri ct nl. ( 198 1 ) 
descril~ccl :I co>t-s;ii irlg n~nrk i~ lg  gr.oce- 
dill-e iti a ~iiai-i.;irig-o\.c'~.\ it\\, p:tjie~.. In  this 

T I - e e  ii,;irkitig is ;I \ , i t : ~ l  ; I I I C ~  i~cces- ;itio~l:\\ tihe.'. \ \ ' l~ i le  se \~ , i . :~ l  ; l t i t h ~ r s  l l l . ,~cL~L~l l l . c ,  lec l \ e  ll(,t il;,l-\es, trees, 
s :~ry 1x11-1 of iI)i.est o~>er ;~ t io i~s  cItt~-it~g s t -  ( 1  I:i1111:ill ct : \ I .  19s I. \lcll I O X Y *  t i l t i e ~ ~ d ~ r  hl lL , , , l c l  L~~ t , l~ l l . l , ec~  , [I ,  llcli!lt, l I l  tile [ligll 
t i  I .  - I  l c  I ,  :1111i S!ti\\~< 1')')-1) ll:l\'i\ i t l i ( i i i3( i  [llc lJI-()- i l l t c l l , i , h ,  ~ l ~ ~ l l ~ / i i l l ; ~ .  [llc p ~ e ) p ~ ) ~ [ i ~ , ~ l  of  
~,rocediir-e, trees to be Ilnr\,esteJ il l  tile tii~i-ti\.it)~an~l cost cfl'icierlcq. ofe\  ell- aiici icil ,  ,l-i.e, lo\\el-  lo I ~ ~ ~ ~ -  
st:illtl a!-e selected accordii~g to Ilui-\.est trne\~cii-:l~e 1n:~11:lgc1ncilt and \ , a r i ~ i l i  , ,,I. t l i l i ,  helcctillg allif paintills trees 
o(i-jcL,(i\cs ;lrld j~;iiiltecl (~11;li-l<e(l). 111 the I t c c 1 1 i i l  - 1  t i l l  ,-,dLlceil l l ~ r t r ~ i l l g  cfbsr ;lllij cost, 
l,nst. c \e:~L.l l t  /ll\l.\c.;tins \\.as 13r.cdollli- hcr.~nni.ki~ig acti\,itics ha\,e 110t bei.11 ade- Kliic~icicr and Stokes ( IOe)J) dctci-- 
n:lllt, aliiI d i t ~ i i n i ~ l ~ ~ J  tile 11cc.d fhr cl~~atcly ndcii.i.ssed. h ' l~sel .  ailii fi;lnc!, l,,iilec\ E1ctoi-s :~fI?ctiilS procIiicti\~it~~ ;IIILI 
t ~ l ~ ~ ~ - ( ~ ~ l g ~ ~  j>i-c-]lill.\ cst ~ l l ~ ~ l - ~ i l l ~ ,  1 l~\\ ,c\. ty. ( lC)')(]) [?r<j]X)>c~i :i 11lC ' t I l (~( l  t 0  ;lhSLfi-C tll:lt c ~ s t s  of  ~ \ I I . C C  11:11-\ ehtiily l l l ~ t \ i ~ ~ d > .  '1.11~ 

reccllt j l l c r e a s c t ~  e m l , l l a s i s  on  s c l e c t i \ - c  t'icld mnrkitis ot'trecb coi~fi>r~ni 'd to the trbjczt of  tllcir stiid!, \ \ a \  tile l~:~t- \est i i~g 
llnr \ .e . ; t i l ls  has u l n r l c i n g  :ill I i t t i i g  j ~ c s c r i ~ t i  1 c c i t - s -  opcratioii. tile irs\t ni:~il:~gcinc~?I stc~3 
t:111t c(>i~ipo~letit of tiinixir ~ i l e  cIe>igi~. sistcil ~x.ogr-;itii coilii~;wetl ;I ~ii-iifornil~ al'ier iiiai-Icing. Kl~iendcr ; \ t i i i  Stohc.; 

lilt illcl-e,15e (,i. l l ~ l t i l l . ~ l ~  fi,l.i.t l.i.gc,ls;.il~ ~Iist~-ib~iti.cl ~ ; \ I ? C ~ O I I ~  I I L I I I I ~ L ~ I ~  ~ O I - ~ ; I C ~  t1.c~ h l l ~ ) \ \ t c f  t\l:lt ~ 1 i i d d ~ r  titlle C ) ' C ~ C  it:\> It)\\'- 
t i o i l  n i id  i ,oi l~t~il ihei .  L l t i i i 7 L i r i ( , n  I , ~ . ;  in 2 5t:l11tl to n ciit pnhnhility. a17propi-i>!e '"' hi- ti:? ckal-i.ii1 l l l ~ t ~ l ( ~ ~ i  2nd 1ligIli.st ,; ,rce Lj  l,l~,ll~lgel.5 to e-eL :llLl tl,e,l. llLIl.- t o  [he tree's iii:i!~~i.tc~-cl:lss. :\ tree \\,;is se- i - ~ i -  tllc ~ i l l ~ l c - t ~ ~ c ~  xlecti()!1 l l l c t f l~ '~~ .  

\c.;tiilg sti-atcgies. 1'11~ l.;i11~1 anti lie- 
a ~ i i i . c ~  A I a i l a ~ c i ~ i i . n t  f'iaii / h i -  t h e  -1 lie :!~itl~t>r, ; I I . ~ .  t r c ~ ~ ~ c c ~ i \ c l ~ ,  l<c~c;~~-ci i  Spcci:tIi>t. (ct~rrc~ltl!. (It~ct,>r,i~c st~iiic~!t. \\ :ti-ilcll 

Sc1iot)I ofForc<t i<c~o~i i~ i , c~ .  L ' i i i l  , of'<~icorgi:!, ,-\tl~ci~,. (;-I .3OOO.i. F1rt~C~~v>r. \'11i1 ~if:\sL:xii- 
Ot~;~ci l i t ;~ S:ltiot~:~I Forest ill r \ r i ~ ~ l l l s ~ ~ s  hL15 ~ , o i , t i e i x i ~ o .  S ~ I , ~ , ~ , ~  (,( f:(,rebl f<esL,L,reeq, ~ ~ L , i ? ~ i c c ; l t , ,  71(,7(,: j<e ,c~! , -c l~  [.Orcitc?. 
(OSf. '  2001) state5 the 11ei.d to "eii1pil:l- \;Sl)!\ Y ~ i - c ~ t  Sen ,. Sc~~itlici-t1 Re,, S[:i,. 70i L.cI!oI:I , . \ i ~ t i ~ ! ~ ~ .  Kc\\ OrIe~:!~~. [ . A \  701 I?: A\ \ ( ) -  

of.line\.ell-age l l l a , l n S ~ l l ~ , ~  cisit< I)rt>fch~c>r. \.:III\ . (if:\vL:!ti\:~i :lt hlo~iticcll~~. Sc1io~)I (>l'l ~ r c \ t  ltcx>urcc, .I hi\ p:~pc? \i:l> 
rci.ci\ccl hi- i~i~t~Iii.,ltinr~ it1 Scj~ri.iitbci- 2001 .r\sticlc K O  9.301 as tile npproprinte cutting iilethoii in ar- 
-': lForcst I'rociiict.; Socict~ 3lcn-iher. 
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F ~ g u r e  1. - Flow diagram of s tandard marking activity procedure 

l.actors afl>ctilig ikllilig prittlucti\,ity ill- 
cludctl tlic tiiaiiictcr at breast lieigiit Marking methods 

(I1131 1 )  of li3r-\.csted steiiis. intertree dis- 
tance, nnil mctliod of li:ir\~cst. ('osts of 
klling allif skitlililig \\.cl.c highest 011 the 
si~iglc-tree sclectioli st;iliiI ;liid li)\vest 011 

tlie clea~.cllt st;i~itl. 1 lai.\.cst cost per 11~111- 

clrccl cubic Sect cr!' \\octrl \ \ 3s  i~i\,ci.scl>~ 
I . C I ; I I ~ ~  10 tlic li;i~-\.cst itltc~isity ;111cl tree 
si/c ( l< l i~c~~clc r  ct ;I\. IOOS). 

Study site 
'l.lic stllily staliil, \\.el.s lociite~l oil the 

I-'oiirclie liaiigel. 1)istrict. Olincliita R:I- 
tioli;il I-oreat. nol'tli of' l lot Spi-ings. Ar- 
kailsar. -1 lie I1iat1-ict Iins a fiill-time cr-c\\, 
of \\,oi-kc~.s (~ii:i~.Lc~-h) \\,liosc lii;~-ior- re- 
spo~isil>ilit>, is ~ii;ii.Li~ig of' tlic l.corcst 
5t;11ids lY31. \ ;~~-ioi i \  li:ir\cstiri2 l ~ r c ~ c r i p -  
tiolis. All ~ii;~i~l,c~-h ill tlic c1.1.~ Ii;lci 

I c ~ i t  3 iiioiitlis of' ~ilar-Liiig c\peric~ice. 
Tile xtan~ia \\.ci-c coiiipc)sc~l ~,i-iiiinriI>. of' 
slio1.tlcafpi1~e (I'iiiii\ c~~/iiilci/ii hlill.) aiid 
lol~l~oll>~ p i~ ic  (/'it/i/\ 1 1 1 ~ ~ c I u  I . . )  i!li ;I 

S1 l l~ l I l  I l ~ l l ~ < l \ \ ~ O ~ l L !  cc~lll~3o~lcil! (5?b to 
I O",,). T).pi~;ilI\. st:~~icI\ \ ic~.c 10c;ltc~i 011 
111e ~ l ~ ~ l t I l C l ~ 1 1  or- ~Oiltllc;l~tc1-11 ;ls[7cct. ill- 
tlioi~gli ? oii! of'a tot;il I i st;tiids IixI a 
I I O I - ! I ~ C I - I ~  iijpcct. !\ S~: I I ICI  li)i- e:lcIi lii;\~.k- 
irig ~iictl~oci \\.;15 tli\ icleii iiito \\orl,iiig 
ullits. \\~liicli \ \~cre the area t;llliecI i l l  I 
dil).. 

Tlic markitig mctllod retlccts tlie sil- 
\ , i c ~ ~ l t ~ i ~ - ; ~ l  ol3.jecti1,c for ;I l x ~ r . t i e ~ ~ l ; ~ ~ .  Ii~lr- 
 st prcscriptioii. T\\.o me[liods \\ ,c~-c 
clioscn to ~ .e~) rese~i t  st;~~ici;lrd !i:~i.\.esting 
~~~.escr i l , t io~is .  Si~iglc-tree selection arid 
t l i i~ i~ i i~ ig  I.I-<>I~I 17eIo\\, ( l i c ~ ~ c i ~ f ' t ~ ~ .  1-cfc1-1-eel 
to ah tliirining) tlil'1i.1- by tile si/e of  sc- 
lcc'tect twcs aiid tile t;u.get hasnl area 
( 1 3 . 4 ) .  ~ l~ l l i r l t i i11 ; r  i ~ i \ , o l \ - ~ h  xclcction of' 
trees \\ , i t11 i~ltci'mccliatc alicl snjlpl-cssed 
cl-o\\.~is, typically \\.it11 smaller cliamctc~- 
stems (selection fi.0111 hclo~\ , ) .  Siiigle- 
tree selection. as  practiced 11~1-e, 111- 

1 ol\,cs sclccti~ig trees \vitli clotiii~i:~~it ;~iid 
co-c to~ni~ ian t  cro\vlis, tyl)ic;\Ily \\it\> 
Inrgcr cliaiiictcr steiiis (selcctioii f.roni 
a b o i c ) .  13otli ~iiciliotls ;\re stanti3rtl 
l i ;~r\ catilig prcsc~-iptio~is 011 the Fco~~rclic. 
f ' l a ~ g i i i g  of' htaliii bou~i i i a r ies  ailti 
at~~e;i~iisicle ~ i i ;~r i ;~gc~i ic~ i t  ~ o t i e s  (SJlZ) 
iisi~:lll>, pi-ccc<lcc! r~i;i~-ki~ig ill c:~cli Ii;lr-- 
Xcsting st;iriJ. "\:arkiiig \\.:is i i 0 1 1 ~  oil tlic 
basis oi'f3:\ ~ i i e ~ ~ ; i ~ r c c l  in si1i1;1r~ k e t  per 
:!crc (ii."airc). 

:I! l~oi~rclie. tlii~i~iitig \\.:is l~rcsc~-il~cil 
ill ~ n a t ~ ~ r c  htaiiils \\,it11 tile iiitcnt of lo\\,- 
erins 1 3 1  to 70  to 90 fi.'!;ic~-c anil iea\.iiig 
;1 collhtilllt f3!\ tlll~ollgllollt tI1c llllit for 
better gro\\tli ill the stanti. Jtisk ti-ecs. 
pi~ll>\\,oc)d trees 5 to 9 inches 1)1311. anii 
mntiir-c trees \\.it11 I>BI I less tll:tii IS 

Single-tree selection \\,as aimetl at 
ereatin$ n:ltitral rcgeriei~ntio~i \\itliin a 
st:rnd. T;lrger t3:"1\.as lo\\.ercd to 60 to SO 
St,2~;~cre t l i r o ~ ~ g l i ~ ~ ~ t  tlic st:ili(i \\.it11 2ilph 
aiitl liolcs iip to 0.25 ;lcl.c iii s i l t .  createcl 
:ib tlic pl~lcc for ti;~ti~r;il re~c~ieritti(>ii,  
.i~.ci.s of' 1 S iiiclies 3ncl Iiiglici. \\.ci-c sc-  
lccted tbr liar\ chi aloiig \\.it11 ~~ i i lp \ \oc~i I  
tree> 2nd iiiarl,cii \ \ , i t 1 1  orniige p~i i i t .  Sill- 
glc-tl.ec selcctioii \\.as ilheci to . I '1C l I C \ C  ;I 

"re\~ei.sc,i" ciistl-ihi~tion of ili:tmeters. in- 

Data 
A rn,lihiiig c>clc \\,I\ cou~ircil a5 the 

t1111e. Ill \cc~l l l~i \ .  fl<)lll tI1c tXllIlt \\I1211 

tile ii~~iil,ci h,i\ f ~ ~ i i ~ l i e i i  I ~ I ' I I  h~lig tlie p ~ e -  
toti\ tic? to tile point ulicii lie 1'11i1~11eeI 

m,li h~ l ig  the C L I I  lent rice Acqul,~ttoii 
t~ilic \ \ , i \  t l i ?  t i~iic I ~ ~ ~ L I I I Z ~  to \1\11'111\ 
\elect tlic ne\t m,uh~ng tree ,111d ualh to 
i t  Df3ll d,~t,l \ \ere collccteti 111 2-~ncl i  
ciianlete~ cl,i\\c\ I),I~,I \\ere collcctei4 b) 
taking obscl.\ations of' a p~-eli~niri:lr>, 
cliose~i markci.. hlnrlicrs \\.ere clic)scn for- 
cncli d;~! in ;iIl>li;~bctical o~.dcr of  tlicir 
ii:iiiii., \\it11 a riifl>~.e~it ~ i ia rhe~^  to be 

~>oiie~it clii  tlic stand n,as not selcctccl 1 
citlicr :I\ ;I 111;1ili l i : ~ ~ ~ ~ s t  species OI. :IS ;I 

17~1113 al>ccies. 1 o the I1istrict. tlic dift;.~-- 
cticc l>ct\\cc~i tllc t \ \o  pi~le  spc~,ics \\,ah 

llc~l J: <l 2 [3clccllt 1,ItC l lee\ Ill tl1c 
20-11?cIi (11 111gIic1 111311 c l < ~ \ \  \ i c ~ c  tCil- 
llcil 'It :I I0 ~~c lcc l l t  l'ltc l ~ i l l l ~ \ \ ~ l i o < l  ttce\ 
(1)1311  5 to 9 I I ~ L ~ I ~ , )  \ \ c ~ c  t,lll~cil 'it '1 I0  
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Figure 2. - Graphical representation of the database (containing three tables. 
Location, Working Unit. and Data) created to manage project data. 

\\'lic~i tlic c ~ e \ \  le l i~lc~-  c,ilIc~l '1 lice 8.; n 
t,ill! tlce. I ~ J  111311 \\,ti ~iie,t\ii~eci t i t  a 
tenth of  ,In tncli \ \ ~ t I i  n d1,1111ete1 t'ipe. 
and flee he~glit  \ i a ~  meai111ed \\it11 ail 
altiiiicter. 1-:111y tress \vcre flagged \vitIi 
L>131 1 ,  liciglit, and tally number \I-ritten 
o n  tile f lag I-'lagging the tally 11-ccs \\,as a 
st;tnila~-cl p r o c e d ~ ~ e  ;it the 1)istrict ;rntl 
\\,:is clone fill- rnal.l;ing qi~;ilit!, coiitsol 
pi~~. l>ows.  After this, tlic ~iiui-her ~iio\.cd 
to accl~~isc tlic ~ic\ct tree. ~l'rec liciglit d:itn 
\ \ e ~ - c  collcctcd fbs trill!. tree5 oiily ant1 
t I~ct~cf?>~~c \\,ere ~ i o t  iiscii i i i  tlic :iii:iIysis. 

to 2 0  iiiiiiiiti.,. t \ v ~  to 1I11~ce tiliic\ 11ci.d;iy. 
Ail. ~-i~i.Ii;ii~giiig ~ 1 0 1 ~ s  !;>I. tlic p:iiiit g~iiis 
d~ii.iiig tlic i i~;~i-ki~ig :~cti\,ity ;illo\\cd Sol- 
i~c~~Ii;iiy,i~iy. [lit 1>;i i111 ::ii~is \ \ , i l l 1  i i i i  : I I I ~  

nililitioiial slio1.1 i'cst stops. pl'lic.c stcqx 
\\ .c~-c tul;eii 1,y each i ntfi\~iilii:~l el-?\\. 

hlii~~I,es i~ii~~i-iiii~tioii  coiit:~i~icci i i : i t :~  of. 
tllc \\i\ri,cr's total trn\clect di.;t:i!icc at 
eticli \\orliiiig unit (nicns~~i-cil  \\ i t l i  pc- 
tioiiietci- e\ei-). day), n11ioiint of' paint 
~ i sed  11y tliis \\,orkcs (pro\ iilccl I>> iii:i~-k- 

crh). ~ i ~ i ~ i i I > c ~ -  oY\\oi.kers ~ I I  tlic ~ii:irki~ig 
crt.\\; ;11id (lie code for the \vo~.kcr ivh0 
\\.;IS cliosen fy~r obsel-\'ation. lJnit infor- 
Inntion cont:iined ncl-ease of.tlic unit that 
\\.as treated by the 11i:ii-king cl-e~v, the 
br~lsliiiiess and airrage wiit s l o ~ c ,  nnci 
tile di.;tn~icc fi-om tile 1)istrict. f3riish 
class iiitlcs ranged fSroni I (no brilsli) to 
4 (Ilea\ y bi.~isli) nncl \\.as cletcr~iiiiicd \,i- 
stinll!, foi- eacli \\o~-Iiing ~irlit. Iritermedi- 
;its bl-iisli cl;tsscs iiicll~dcil 2 (light 
hi-r~sl~) ailti 3 (iiicdilim b~.usIi). 

A Rlici-oholi ,4(~(.lJSS cl;itab:~\c \\,as 
ci.cati*d to iiia1Iay.c aiiil st or^ the iiiaiking 
~ I ; I I ; I .  '1-lie ~:i~;ipIiic~~l r c ~ ~ r e ~ c ~ ~ t : i t i c ~ i ~  of.tlic 
cl:~t:tha\c is she\\ 11 iii. I-igur-c 2.  i~l l ich 
coiitnirls tIii.cc tal>lcs. 1.tic I.oc;~tii~ii table 
C L ) I I I ; I ~ I ~ >  11'11 i,:,[iiig t i i ~ i i t i ~ ~ c i ~ t .  I~)c<itioii. 
:iiicI si/c for c;tcli st;iiiti. In the \\'orking 
1Jiiit tahlc. tlic gcnc~-:iI infiiriiiation 
ahout 21 p;ii.tictil:u- \\,orI<iiig unit is col- 
lcctctl. Tlic I)at:i t;ible coiill~iiics tiiiic 
c),clc ol,ci.\ atioiih fils eacli \\.orkiiig 
li i l i t .  

I)iii.iiig tlic 3-iiioritli pcriocl of t'cbsii- 
at.!. to ,.2prii 3000. single-tr.cc sclcctiou 
~iini.kiii? acti\itiz\ \ \ere cc>iiipictciI oil 
tIii.cc \ I ; I I I ~ I \ ,  o f  \iliicli ciglit \\e>rkiiig 
u~iit:, ;i\~oci:!tciI \\ it11 ti.cc ~ii:iskiilg \\,ere 
ob>cs\ cd. \\'oi.hiiig ~iiiits 1vc1.c 15 to 55 
acre\ i i i  :,i/c. di.pcilili11g nil tlic Iioiirs 
\ \ ~ ~ - l \ c i l  :111cl t l ~ i .  sire i~l.tlic i i i~ i~ l i i i~g  c ~ c \ \ .  
\ \ i t 1 1  hIopi.\ ~-~\iigiiig f'r(>~ii 7 to -30 (It- 
gsccs. 'I'liiii~iiiig ol>sci-\ :itii>ils \\ ere col- 
1c<tc<l i 11 0 s1:11icIh di\ iiici! iiito 3 1 \ V O S ~ -  
ins unit>. ~l~Iiii111iiis \vi~i-kiiig 111lit\ \\el-c S 
to 1 0  acres iii si/c. dcpeildiiig oil the 
~iiimbcr oflioiiss \\.o~.kcd ancl tlic s i ~ c  c?f 
the c~-e\\.  ;iiiil locatcil 011 slopes ranging 

m;\i-kctl 1>c1'acrc \\.as used as i11i iiiilicator 
of marking ii~tciisiry since ir i:, ail easily 
:i\nilnblc paraiilctci- ailti i:, scii.;iti\,e to 
botli di,liiictc~ niid the niimbe~ of'ticc\ 

~i-iai.il>. i i i  tlic 1ui.g~ htaiiiis or stniitls :lc!ja- 
cciit to l?~.i\atc ~~.opci-t>..  I'oi. siilglc-r1.i.s 
sclcciioii or tliiiiiiiiig siandb. boiiridar!, 

iiiarl\ing. Tra\-cssiiig niiii boi i i i i l : i~ 1;1),- 
oiit prior to markiiig Iiiay be a\ oiiicd i n  
those st;uicis \\.liere ro:icls, r:i\incs. or 
creeks form tlic 11:ltiiral hoii~iilary of'tlis 
stand. Sines oiily 2  \\,oi-king u~iith o i ~ t  o f  
20 observed \\,ere eiigagecl ii-i 1"-e-mxk- 
iiig flagging and holiii~iary layoirt, tlicy 
\\.ere n o t  inclt~ilcil in tlic tinic oi- cost 

ity conistcd o f  tlic nirlr-l\crs' l;il>or cost. 
aiid tlie cost of ninchinc~-y niiil equip- 
ment. Markers in tile c1.i.u \\-el-c of GS-6 
grade,  ancl tlic leaiicr \vas 21 Cis-7. 
11o~irIy salasicb for (is-G aiid GS-7 
grades \\,ere tnke~i f'i-om the 200 1 Gen- 
eral Scl~cct~ilc ( L.S. Office of  I'essoii~iel 
hlaiingcniciit 3001 ). niid \\ere S 1 1 . 7 2 '  
l l ~ l l l l ~  ;111cI SI.7,0.7 l l~ l l l l .  f?ll. c is-0 ;111ci 
( is-7.  i.c>pecti\cl!. 13ciicfits tliat nor- 

tioil \ c l ~ i ~ ~ l c .  i i l ~  i I c ~ ) ~ c c ~ i ; i i i o i ~ .  ;IC- 
co~iiiti.~l fbi- S1.700 or S I S \\oi.I,iiig cia!: 
:liiiI g:ih costs oi.SO. I I '11iiIc. Ib11iiiii:i g~iii 
ariil I litsky p:l1111 cc~iiipiitci~ cost> \\cr-c 
;lsi~iii~ccI to (Icpi~cci:~tc c~0111pIct~~l> 111 5 
\.ear>. \\ i t l i  niiicii-ti/,ltioii cost\ :it SO.01 
Il<llll. ;111i1 s0.3.7 llo~lr. rcspi.cti\ cly. -1-l1c 
cost o r  p:iiiit \\ ;I \  c;tiili;itecI :I[ 51 7.05 
c:lll<>ll t.1-ell11 tile I h ~ l ~ L ~ h t r >  S~1~?~1lli.l.\ 111e. 
i~,it:iIog (I-oi.c\ti->. S~ipplici:, 1112. 2000).  
Sei~\iti\  i t> ,  : I I I ~ I I >  \ i ,  of t ! ~  co,t p c ~ .  I0 
i-1.: :lcl.c of-11.4 \ \ ; I \  <1<111c \\it!l I.c\pc~,t 
;11iiiii:i1 iiici~c;i~c iii tlic ~ii;ii.hci-\ s;il;ii.> 
;liiil :lctJi~io~i:~l o\ct-ti~iic ( 10 ; I I I C \  20'%11) 

Resul ts  

Data  
.l-llC ;\\el-3gc i\!;\illcti.s 0s Ll 11l:ll-Lcd 

tliiiiniiig staiicl \ \a ,  ~iiiicli Io\\ci- tlinii that 
iii single-tree sclcctioi-i (l ' :~l)lc 1 ) .  Tliis 
\\:is ~ i c > t  s~ii-p~-ibiiig si11c,c t l~ i~~i i i i ig  L L L ~ ~  



Table 2. - Statistical results for three models: estimation of time to mark, number of 
n~arked threes and estiniation of niarking cost per 10 ft.'/acre of BA removed (Eq. [ I ] ,  

essentially li:~i-\,c.;ting fi.oiii below, wllile increaseel tlie ni1nibc.1- of  talliccl trees 
single-tree selcclio~i is h:lr\esting from becat~se tlic ~ ~ r o ~ ~ o t - t i o i 1  of  tiilly trees foi- 
a17cx.c. liigher di:in~etei-s larger than for 

IIA ~ i~ :~rkc t l  ill the single-ti-ee selcctioti 
staiicls r;iirgeti ti-0111 17.0 to 5-1.4 (i.'/act-e 
;ttrd in tl~intiiiig staiids ii-0111 10.3 to 03.6 
1.1.: ; ~ c r e ,  t\\ ct~igc tliit111i11g tixirkiiig il l-  

te~l.;it>. \\,a;; I-iig1ii.r tliai~ in single-tri'e 
selectioti (42.1 i t ~ l ( i  37.1 fi."acre. re- 
specti\.eI> ) ('1';il)lc I ). 71'liis occurreti be- 
cause a largcl- ijii:~ritity of'sr'ilr~ller diame- 
ter. trces \\.a\ nlarkecl to obtain 10 ft.' of 
13:\ remo\.ctl for tliiiining than fix sin- 
gle-t1.t.t. scli.i.tic111. 7'lic f:lct tllat k \ \ . ~ ~ '  

~ S C C ~  \\.ere iiccciccl to sa!isl? tlrc recjiiii-e- 
ments of'tllc' I].-\ iil single-tree selection 
oreateci 1cl ig t . i -  tr;i\.eI (iist:~iice bct\\.eeii 
mat-kcd trees, tiitis incr-casiilg tiiarki~ig 
cycle titlie ( ' k t b l ~  I ) .  Also. ;I Iiigli pro- 
portion of  large-dir~iiietcr trees i l l  the 
single-tree seleCtioi~ marking nicthod 

"L1 I111I11- smaller d~aiiietcr treeh. Tile Iarc3. 
bcr of tally trees iticscasotl tile nleatl 
111;trking tiillc per tree, s i~ ice  margiiial 
ninrking time for tr1l1). tree is greater 
tl1:111 11i:trgiii:tl i l ~ r ~ r k i i ~ g  ti~iie for iloti- 
t r i l l>  t 1 . 2~ .  klcnn ~nni-hi rig tiilie per tree 
;tiicl  Incan cycle tinle \\.ei-e liigller 1;cr sin- 
gle-tree si'lcctioii, -31.9 :!11cI 50.9 sec- 
onds.  respec(i\ el!,. 

Cycle t ime  

-1-0 estimatc tile tiin? ~iretiecl ihr tile 
marking ncti\,it).. t \ ~ o  eqi~;~t inns \\.ere de- 
\,clopci! \\,it11 SI'S7'AT soft~var-e (SPSS 
1999) using gerlcralizeci lertst scluare\ 
procedi~re ((j1.S). 130th equatioils \vel.e 
estirn:ttetl \\.it11 a step~i.isc lirie31- regr-es- 
sion tecl~niclitc anci 10 percei~t cut-off 

\,slue for pni-anietci- estiiiinte signifi- 
cance. Tile first eqi~:ltion nloilclcd a11 
a\.erngc total mai-Iiiiig tiine per tree, it1 

sec~iid.;  (1:q. [ I ]  ) .  This \ \as  a torn1 mark- 
ing cycle estimntc aiitl incliidetl ncqiiisi- 
tioil and tallying tiiiie. ant1 rest atici 
a i r - r e c l i r i i g  stops. hlc:tii mnrkeci rii- 
aiiietcr of \\.oi-king unit aiid tno inciica- 
tors of iilai-king site coiitlitic~ii (slope ailti 
b i - !~s I~ i t~c~s)  \\.ere i11iti:1ll>, 11~cli1cIcc1 111 the 
inodci, biit \\.ere rcilio\~ecl bec:~i~se t l i q  
\\.ere founti to 1~ iiisigiiificaiit. 7'11~ re- 
inaining \xi-iablcs. :I ciuii111?!. \:~i-inblc for- 
marking acti\ity arid mat-ked t3A per 
acre. exliibitecl iio significant correl:i- 
tion. One oiitlicr \\-as tielcteci fi-<)in the 
dritaset ci~~s to the high \,nliic of tiit. stti- 
dentired 1-esicl~iril. \vhich retli~ccd tlic 
saniple si/e to 2 S  ol>ser\.atioi~s. 

t'qiinlion [Z] cstiiiiated the ni1112ber o f  
nirlrkecl tl-ci's per inarkel- uhing tlie 
follo\ving i~ldepcndent \:iriables sigiiifi- 
c a i ~ t  at (A := 0.10:  11iarking acti\ , i ty 
(dummy) .  slope. marking area p e r  
~iinrker. arid 13.4 111arked per acre. As  in 
tile pre\-ioiis ecluntioti. these \.arinbles 
slioit.ed no s ig i~ i f ic :~n t  c o r r ~ . I a t i o n  
anlong them. T\\,o outliers nntl o n e  
highly le\el-agcd ol7scl-\.ation \\.ere dc-  
Ictcti anci tlie s i ~ ~ l i j ~ l e  si/e f01- l'q(irttic~ii 
[Z] \\,as r-etl~iccd to 26 obsel-\.ntions. 

\\ 11cre: 
7 - n\eragc total m:~rl,iiig tiiiic pel- 

tree (scc.)  
7 ; ,  nuiiihc~- ot'tii:irkecl ti-ccs pill' 

1 1 1 : i ~ ~ ~ l ~  

..I l i i i t l ~ i i i > ~  \ ;ti.irtI>lc Sol. i~i:ti-kii~g 
a c t i ~  i t \ ,  ( 0  - hiiiglc tree 
s c l c c t i o  I : t l i i n i ~ i i i ~ )  

..1c,,, = t i i a r k i i ~ ~  nl-ca per ii-i;irkcr 
(:tcres) 

St~ttibtical sesi~lts Sol- liqnntiotis [ I ]  
: t r~ t l  [Z] are suni~narirccl ill tlie text fol- 
lo~ving e;ich ccliiatioii :iiici in l ' a i ~ l c  2. 
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Table 4. - Elasticity of the marking cost to salary increases and overtime work. 

Figlire 3. - Cost surface as a fiinction of BA andacreage with tree regions ( A  =high 
marking intensity; B = average marking intensity; arid C = low marking intensity) 
sliowing the concentration of data points for two rnethods 

\\~oitIcI dccrei tsc 1>1.0~111cti\,it>' anel i l l -  
crease opc i~at io i ia l  costs. 111 tlie st:lncls 
~ v i t l i  ;I lo\\' I3A ni;irkCd, o r  h l i i i i l l  iici-c:igc. 
;I large \\,ot.king ci.e\v \ v o l ~ l d  be n hui~clcii. 

-1'Iie rcsi i l ts  01' I ic j~ lat ions [I]. 121 aricl 
[ 3 /  ai-c s t ~ i i i i i l : ~ ~  i/i'(l ill 71';tl)lc~ 3. 'I hi. 111.1 

mark ing  t i m e  ca l l  be  c;~Ic i~I ; t te~I Srom 
l:cli.~ntious [ I ]  alicl 121. I<esi~l ts ol ' t l ic t ivo 
cq i~a t i o i i s  \\.ere t o  be m i ~ l t i p l i e i l  to  calcu- 
late the l ic t  n ia l -k ing t ime o i l  t i le site, iri 
scco~i<l) ,  . I l ie ~ i i i i I t i j ) l i c : i t i ( ~ ~ ~  1.~i111t i t t i<  
then cii\.icled I,, 3600 to  ol>taii i  11ct mark- 
i n g  t in ie  i n  I io i i rs.  3'0 cstiii1:itc tile total 
~ i in i .h ing  t i inc.  d i . i \ i ~ i g  t i i i i c  ti.c>iii t l ic 
1)istl.ii.t t o  t l ic \ \ .ork i i ig l i i ~ i t  li:i< to be 
: id~ lcc i  t o  t l i c  net  111:1rLiiis t i i i i c , - I~ l i c  
l i i ; i i- i \ i i~g coht 13iodel (f:il. [3] )  coi i ib i i ics 
~ ~ t i l l l t l t ~ c ~  l l l ; l i ~~ i~ i l g ,  t i l l l ~  O i l  1111. site 111 

1io~11.s ; i l o ~ ~ g  ii it11 t l ic 11itt11r;>l I t>g: i r i ! l~r~~ 
o f  mnskcd f3.1\. the si/e o f  tile 11in1-kiiig 
ci-e\\. :tiicl t l i c  s i x  o f  t i i t  \ \oski i ig i11iit 
:iiiti cst i i i iatcs t i le cost o f  n l ~ i r h i i i g  10 
ft.' acre 01' 13.4 r c ~ i ~ o \ ~ c c l .  

I < t . s~~ l t s  o f  s c i i s i t i i ~ i ~ ~  :iilal!.\i\ o f  tltc 
n ~ a i - L i ~ i g  cost p a .  I 0  ft.';;~ci-c o f  13A I-?- 
nio\,cci wit11 1.esj)cct t o  t l ic u11ii~ial in -  
creLisc i n  t l lc  mnl.kci-s' salns), ciile to  ill- 
f la t ion  and o\.ci-time \\,ark is slio\\ 11 ill 

'l'al~lc 4. i111 ; in i i i~n I  2.7 p e r c ~ i i t  increase 
iii t l ic mnr.kci-4 salni-y \\~oi.iIel i i icrcnsc t l lc 
cost o l 'ma i - k i~ ig  pel- 10 f .'!iicr.c 01'13.-1 re- 
~ i i n \ c c i  bh, I .h I,ercelit fior single-tree sc- 
I e c t i o l ~  i i i id I .4 i>ci-ceiit foi- t l i i ~ i i l i ~ i g .  111 

1/11. cazc o f  ci l icrj:~~tic\: \\.llcrl o\,ci.liriic 
\\,ark \\ :ih i i e c d c ~ l  to  1'1iiisIi ninr.kiiig, the 
totit l  mark i i ig  cost \\.auld increase by 2.8 
t o  2.0 ~ ? c r c c ~ i t  1i)1- cacl l  10 perceiit ill- 
crcaie ill o\,ert i i i ic 1ioi.11-s. 

7~lii.cc I-cgioiis rii:ii.hetl o n  1:igrrr.c 3 
repi.cscnt t l ic typic;il data c l ~ s t e r s  o f  i t  

tii;ti.hing operation and slio\\. the con ip l i -  
catccl stsi~ztt irc of t l ic mat-Ling cost sur- 
f ' lcc. I i eg io t i  A \ \as 11-pica1 o f  bo th  
tIlii111i11g arid sirigle-tr-cc s c l c ~ t i ~ ~ i  opera- 
t ions. I t  co inb i i i cd  I - i ig l~  i i i a r k i ng  inten- 
s i ty \\ it11 a\.cl-age s i x  o f  t l ic  stniicl (30 to 
35 acri.5). h1:isking cobt o f t l i e  I i ig l i - in-  
t c i ~ s i t y  I-egion ;I (45 to  5 0  fi.','acrs) 
\\.c~uld inzi-case \\.it11 ciecrcasing r i ia~ .L : i i i~  
staii i i  s i x .  -1-iiis suggests tIi:tt stands 
\\.liere a 121-gc poi- t ion o f  H:\ \voulci he rc-  
moi t.cl ~ l i o i i l d  be m a ~ ~ k e c l  i n  Ini-gc \\-01-k- 
i i l g  i i i l i ts  to decrci~se cost per  10 fi.'/ncre 
o f  13.4 reii-io\.ccl. I i c g i o n  13 \v:is c o ~ i i -  
prisetf o f  sniall stands ( 2 0  to 2 5  acres) 
\\.it11 an a\.c~-age i l i n r k i i i g  intensi ty (42,  1 

St.'~iicrc). 7 l i i s  i.cgioii \\,as t),l)ical of 
st;tiicIs ill t l ie st i ic l~,  tli:it \\,ere iii:trkccI 1.0r 
th inn ing.  l ' l i i n ~ i i i i g  striiicf5 01' n i e rage  
mark i i i g  i i i te i is i ty ~ n i g l i t  be nliirhcct iii 
~III:III 21s \\,ell 21s l~ isge \ \ ,o i -k i~ig i111its. 
since the size o f t  l ie i \ o r . h i i i ~  111iit slioi.iItl 
no t  apprcciabl>' uffc'ct liial.I,iiig cost pel. 
10 St.' ac1.e o f  13.4 I-enio\.ed. f-01. s i l l -  

increases, nccoinl,aiiieti by  n l ~ i g l i  i im- I i -  
i n g  intensity, ~ n n s k i i i g  cost ]>el. 10 fi. ', 
:tare of B.4 I-e~iio\.ed tleci-case>. Rqnrking 
ir i tei isit>- o f  30  to  35 fi.?aci-c \vn> oh- 

Conclusions 

can help c\tim,lte theti inip'lcts o l i  t ~ i i i e  
ant i  co \ t  o f  ~ n a i  l \ i i ig  n c t ~ \  ~ t l e \  T h e  
ilnioi.Int 01 '  13A m, i~  hcd pc i  ' l c ~ c  \\.I\ t l ic  

111:ll-hillg cyc le  ti111e or L?OtIl ~l-ci l t l1lcl l ts: 
s i i ig le- t~.cc sclcct io i i  ai l t i  t l ~ i i i i i i ng .  A s  
l l rc 13.2 rnirrl\'tl per' acre iiic-r~c;~sccl, tlle 
i i n l c  oi' r i le ~ii;r i-hi i ig cb c lc  (1c1.1 c;t\.ed. I t  

tool, 1i101.c t i i ~ i c  to iii;iik tl ic s:tiiie 13.4 fi)~. 
t l i i r i i l i i ig sclcc.tic,~i t l iai i  f i ~ r  si i iglc-tree 
sc l cc t i o~ i .  ' l ' l l i \  \\,.:I.; a ~ -c l l i ~c t i o r i  o f ' the  
1.iic1 tI1:it t l l t  111c:111 ti-ec cli;illlctcl~ l l l ~ i l - l i c ~ l  
ill t l i i i i ~ i i i i g  \ \ a \  x~t i ;~ l le i -  aiicl tiistnncc 

T h e  tiini. s l w ~ ~ t  11"ittirig t i le ~?;iiiii o i l  t i le 
tree \\,as not ;tfiectccl h ~ ,  i t \  xi/e. \v l i ic l i  
\\,:15 \\.li> tire \: l I i~i. o f  a\ci.age 1iiar1,ccl 
~ I i ~ 1 1 1 1 c t c i ~  \\;I\ l io t  sigi i i l . ic: i~it i i t  t l ic 

t1.c~ ~ c l c c t i ( > ~ ~ .  clid ~ i o t  iil.12~t [ l ie cost pci. 
I 0  fi.' acre of' 13-1 ~.c i i io\ei l .  l ~ i c r - c ; ~ ~ e t i  
ere\\, si/c I-C~LII~CCI 111 :I t i i g l i c i ~ ~ ~ o s t  per  10 
1.t.' ~ i '  t i i ; i~l i~<l 1 3 4 .  i1ltI1011gli :I CI.C\\ o f  
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n1ol.c than f o ~ ~ r  rn:irkers \\.;is not ob- 
ser\,etl. .A ci-e\\, size of  tlii-ee to fo~i r  
markel-s ~ l ~ i i i  one tiatn input \c,orker \v;is 
co~~s idered  optimal for any mni-king ac- 
tivity. 1-ailgel- I)A ni:?rked per acre de- 
creased the cost per unit (10 ft.?iacl-e of 
f3.4 removeti) ofB.4.  

l'his study cre;iteJ models for mrlr-k- 
in2 time estimation of two standard 
iiiarking metliotis i n  natilrnl pills stands 
in Arkansas. 7'11s iiifoi-inutioii needed 
p i o r  to ~ilarking is I3.4 to be i.smo\;ed 
per acre. tlie size of the st:lnd. niid the 
slope of  the stanti. 111 general. this infor- 
mation is reatiiiy a\.ailable in aii\.ancc of 
the marking acti\,ity. 7'lie estimated 
marking tirnc, rtloiig \\.it11 ~liuiiher of 
n l  '11 - k , - .  LI:, in the cren. I3.4 per acre, anif 

the sizs of tlic stnnii. cat1 then be used to 
calculate the cost per acre ofiiiarking I0 
ft.2!ncr.c of  I3A (Ki1)lc 3 j. .Phc t'r\.o csti- 

~iiiites, marking tiiiie and ~iiarking cost. 
alio\\ for more precise ad\,ance pl:tlllling 
of time and cost budgets. Act\,rlncc. 11Iajl- 
ning bi-ings efficiency of  time and re- 
source distributioii and, thus, inipi-oves 
bl-est management. 
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